A series of phthalazinedione bearing substituted sulfonamide moiety acetanilide esters hydrazide and oxadiazole derivatives (3 a-f ),(4 a-g ),(5 a-d ) , (6), (7), (8), (9 a-d ) was synthesized in good yield and evaluated for their possible anticonvulsant activity. The structures of the synthesized compounds were confirmed on the basis of their spectral data and elemental analysis. Their anticonvulsant activity was evaluated by the maximal electroshock induced seizure (MES) and subcutaneous pentylenetetrazole (PTZ) tests. All the tested compounds showed considerable anticonvulsant activity in at least one of the tested compounds exhibited moderate anticonvulsant activity in both MES and PTZ tests. From these results, phthalazinedione bearing chloroacetyl benzene sulfonamide (3 a-f-), acetanilide(4 a-g ) ester (5 a-d ), hydrazide (6), oxadiazole (7) and ester (9 a-d ) derivatives could be recommended as novel structures of broad spectrum anticonvulsants.
Introduction
Epilepsy is one of the most common neurological disorders, affecting about 1% of the world's population according to WHO . Many efforts devoted in the recent years for the development of novel therapeutics resulted in the availability of several newer drugs as promising anticonvulsants [1, 2] . However, the currently available anticonvulsants are effective in reducing the severity and number of seizures in less than 70% of patients. Moreover, their usage is associated with undesirable numerous side effects [2] [3] [4] [5] . Therefore, continued search for safer and more effective anticonvulsants is urgently necessary.
It is well documented that one of the important core fragments of anticonvulsants is defined by nitrogen heterocyclic system, usually lactam or imide, with attached phenyl or alkyl groups [6] .
This common template is found in the structures of first generation anticonvulsant such as ethosuximide, phenytoin, quinazoline and phthalazine derivatives, phthalazines have received much attention in recent years owing to their both biological significance and pharmaceutical applications [7] . Many phthalazine derivatives have been reported as anticonvulsant agents [8] .
substituted sulfonamide moiety wide spectrum of activities such as antibacterial, [9] antimalarial, [10] and anticonvulsant [11] [12] [13] .
In this study, we describe the synthesis of target compounds as hybrid molecules contain phthalazinedione as potential hydrophobic aryl rings containing nitrogen heterocyclic system required for anticonvulsant activity plus inclusion of substituted oxadiazole functionality to form group of compounds resembling and collecting both features of nitrogen moiety and 5 membered heterocyclic derivatives, in addition, iodine moiety, which has received considerable attention in organic synthesis because of its high tolerance to air and moisture, low-cost nontoxic nature and ready availability, was introduced in the phenyl ring of phthalazine structure to increase the lipophilicity of the molecules, enhance the absorption distribution and increase the activity of target compounds in hope of developing potent and safe new effective anticonvulsant compounds [14, 15] .
A literature survey revealed that the presence of phthalazine moiety, which undergo substitution at the heteroatom or the distal aromatic ring, is necessary requirement for the CNS depression On the other hand some substituted derivatives (1) [1, 3] , and (2) [13, 17] were reported to display anticonvulsant activity substitution at position 2 and 5 from the ring. Introduction of a nucleophile at position 2 and a hydrophobic substituent at position 5 considerably increased the anticonvulsant activity [11] [12] [13] . In view of the previous rationale, it was thought worthwhile to study the effects of 2 pharmacphoric moieties like phthalazindione and substituted derivatives in a single molecule, on the biological activity. The target compounds have been designed to contain different hydrophobic substituents attached to substituted moiety starting from H in an ascending order, with acetanilides, sulfonamides esters hydrazide and oxadiazoles linkage to study the effect of hydrophobic change on the biological activity of these compounds as anticonvulsant agents. 
Materials and methods

Materials
All melting points measured on a Griffin melting point apparatus (Griffin, Valdosta, GA, USA) and are uncorrected. The infrared spectra were recorded as KBr discs on a Nicolet IR 200 (Thermo Fisher Scientific, Barrington USA) at the Pharmaceutical Analytical Unit., Faculty of Pharmacy, Al-Azhar University, Cairo Egypt. The 1 H NMR spectra were run using TMS as an internal standard (Aldrich chemical Co., Milwaukee, WI, USA) on Varian Mercury VXr-300 NMR (Varian, Palo Alto, CA, USA) at the Micro analytical Center, Faculty of Science, Cairo University, Giza, Egypt. Mass spectra were performed on Varian MAT 311-A (70eV) (Varian, San Fernando, CA, USA) at the Micro analytical Center, Faculty of Science, Cairo University, Giza, Egypt. Elemental analyses (C,H,N) were performed on a perkin-Elmer 2400 analyzer (Perkin-Elmer, Norwalk, CT, USA) at the micronalytical unit of Cairo University Giza, Egypt. All compounds were within ± 0.5% of the theoretical values. All chemicals used for synthesis were purchased from (Sigma-Aldrich Chemical Co. Milwaukee, WI, USA).
Synthesis
The synthetic strategy to prepare the target compounds(1-9) is depicted in Fig.2 : 4-iodophthalic anhydride was refluxed with hydrazine hydrate in ethanol for 4h to afford quantitative yield of 2,3-dihydro-6-iodophthalazine-1,4-dione (1), which was refluxed with alcoholic potassium hydroxide in ethanol to furnish potassium salt of 2,3-dihydro-6-iodophthalazine-1,4-dione (1) in 85% yield. Compound (2) was reacted with substituted chloroacetyl benzene sulfonamide,substituted acetanilides and alkylchloroformate in anhydrous DMF to give compounds (3 a-f ), (4 a-g ), (5 a-d ). Compound (5 b ) treated with hydrazine hydrate afford (6) which condensed with CS 2 and KOH to give (7). The compound (7) striated with alcoholic KOH resulted (8) which react with different alkyl chloroacetate to give (9 a-d ) (Scheme 1). (2.89g-0.01 mol) of compound (1) was dissolved in ethanol (50 ml.) and KOH (0.56g-0.01 mol) was dissolved in ethanol (10 ml), the latter solution was added to the former to give the potassium salt of 2,3-dhydro-6-iodophthalazine-1,4-dione (2) which crystallized from ethanol. Yield 85%, mp: 290-2C 
2,3-
3-[Sulfonamide carbonylmethyl]-6-Iodophthalazinedione derivatives (3 a-f )
In a conical flask (0.01 mol, 3.2g) of compound (2) mixed with the appropriate amount (0.01 mol) of different chloroacetyl benzene sulfonamides in dimethylformamide (DMF) (100 ml), refluxed for 2hs, cooled then poured on crushed ice. The crystals collected by filtration, recrystallized from ethanol m.p. yield, elemental analysis table I 
3-Anilinocarbonylmethyl-6-iodophthalazinedione (4 a-g ).
In aconical flask (0.01 mol, 3.2gm) of compound (2) mixed with the appropriate amount of acetanilide derivatives(0.01 mol) in 100 ml of diemthylfomamide (DMF), refluxed for 3hrs then cooled, poured on crushed ice. The crystals collected by filtration, re-crystallized from ethanol yield, m.p. elemental analyses in table 2 3-Akoxycarbonyl-6-iodophthalazine (2H,3H)-1,4-dione (5 a-d ) In a conical flask (0.01 mol, 3.2 gm) of compound (2) mixed with the appropriate amount of alkyl (methyl, ethyl, propyl or butyl)chloro formate in (DMF) 100 ml refluxed for 2hrs, cooled then pouredon crushed ice. The crystals collected by filtration recrystallized from ethanol. The yield, m.p. and elemental analysis at table 3. 
3-(Hydroazinocarbonyl)-6-Iodophthalazine(2H,3H)-1,4-dione (6).
A mixture of ethanolic solution (50 gm) of 5b (0.01 mol , 3.7 gm) and of hydrazine hydrate (1 ml) heated with stirring at 100 
3-(Potassium salt of 2-mercapto oxadiazole-5-yl-6-iodophthalazine-(2H,3H)-1,4-dione and 2-Mercaptoxadiazole-5-yl-iodophthalazine (2H,3H) -1,4-dione (7) and (8).
A mixture of absolute (100%) (100 ml) ethanolic solution of compound VI (0.02 mol , 7.14 gm) (0.02 mol, 1.44 m)l of carbon disulfide and (0.02 mol, 1.12 gm) of KOH refluxed for 6 hrs, cooled, poured half solution on acidified water (H 2 O, HCl 1:2) and the other half of solution filtered as it is the two resulted 2-mercapto and 2-potassium salt respectively.
2-Mercapto oxadiazole-5-yl-6-iodophthalazine-(2H,3H)-1,4-dione (7), yield 90% m. 
3-[(2-Alkoxycarbonylthio)oxadiazole-5-yl]-6-iodophthalazine(2H,3H)-1,4-dione (9 a-d ).
In aconical flask compound (8) (0.01 mol , 4.3 gm) mixed with the appropriate amount of alkylchloroformate derivatives (0.01 mol) in (DMF) 100 ml refluxed for 2hrs then cooled, poured on crushed ice, the crystals collected by filtration re-crystallized from ethanol the m.p. yield elemental analysis at table 4 1 HNMR (CDCl 3 300MHz) δ1.1(t, J = 7.8, 3H, CH 3 ), 1.7-1.9(m, 2H, CH 2 ), 2.6(t, J=8, 2H, CH 2 ), 7.1-7.6 (m,3H, Ar-H), 8.4(s, 1H , NH). Ms (70ev)m/z 488(M+1), 489. 
Anticonvulsant activity
The animal studies were undertaken with approval from Al-Azhar University, Cairo, Egypt. Ethics committee (approval # 29PD/3/9/4M. all the trials were carried out according to the respective internationally valid guidelines. The anticonvulsant activities are usually evaluated by both the MES and PTZ tests [18] . The MES test is related to the generalized tonicclonic seizure and PTZ test to the absence seizure [2, 18] . Thus, these two kinds of anticonvulsant tests are meaningful for the clinical prediction of the anticonvulsant drug candidates and evaluation of their anticonvulsant spectrum [3, 18] . Therefore, the anticonvulsant evaluation for the tested compounds was carried out by both the MES and PTZ tests according to the protocol of the antiepileptic drug development program. National Institute of Neurological Disorder and Stroke [18] . The reference drugs were used according to the reported method [19] .
Adult male white Swiss albino mice weighing 20-25g(10-12 weeks old) were obtained from experimental Animal Care Centre, College of Pharmacy, Al-Azhar University. The animals were maintained under standard conditions of humidity, temperature (25 ±2C) and light (12h light/12hs. dark). They wee fed with a standard mice pellet diet and had free access to water. Each treatment group and vehicle control group consisted of 4 animals. All tested compounds were dissolved in polyethylene glycol 400 and administered intraperitoneally (ip) to ICR male mice at dose of 25, 50, 75 and 100 mg/kg 30 min before seizures induction. Diphenylhydantion (200mg/kg), methosuximide (200mg/kg), sodium valproate (300mg/kg) and trimethadione (00mg/kg) were used as reference drugs. The seizure was artificially induced by either pentylenetetazole or electric shock. The pentylenetetazole induced seizure (PTZ) test entailed the subcutaneous administration of 80 mg/kg of pentyleneterazole as a 0.5% solution in the posterior midline of the mice, and the animal was observed for 60 min. protection was defined as the failure to observe even at threshold seizure (single episode of clonic spasms of at least 5s duration). The maximal electroshock seizure (MES) test was elicited with a 60-cycle a.c. of 50 mA intensity delivered for 0.2s via corneal electrodes with ECT unit (UGO Baseline, Italy). A drop of 0.9% saline was instilled in the eye prior to application of electrodes. Protection in this test was defined as the abolition of the hind limb tonic extension component of the seizure. The percentage protection per each dose and the dose makes protection for 50% of animals (ED 50 ) were calculated using INSTAT 2 program (ICS, Philadelphia, PA, USA). Observation time with all convulsants was 60 min for convulsions and death. The animals that showed no convulsion within 1h after convulsive drug administration were considered to be protected.
RESULTS
The results of anticonvulsant activities for tested compounds are summarized in the table 2: From the biological results of (ED 50 mmol/kg) listed in the table 2, we notice that increasing the size of alkyl group from H to methyl leads to increasing the activity and then goes down by further increasing to the alkyl side chain. As seen also in table 5 acetanilides (sulfa drugs, anilins) derivatives, (5 b ), (6), (7) and (9 b )from the synthesized compounds testes as anticonvulsant agents. Against minimal electrical shok MES and pentyleneterazole (PTZ) exhibited considerable anticonvulsant activities in the MES and their ED 50 these pharmacological results were comparable to those of anticonvulsant in clinical use but the acetanilides (sulfa drug) showed moderate anticonvulsant and the esters (5 b ), (9 c ) hydrazide (6) 2-mercapto (7) and acetanilide (4 a-d ) showed aggreable results comparable to the anticonvulsant cilinical use. 
Conclusion
In conclusion, a series of novel structures of Phthalazinedione derivatives were designed, synthesized and their anticonvulsant activities were evaluated by both the MES and PTZ test. This series of compounds was designed as broad spectrum anticonvulsant by hybridizing important moieties such as nitrogen heterocyclic system represented by phthalazine system and substituted oxadiazole group in a single molecule. This was based on the inspection of the structural characteristics in typical anticonvulsants in clinical practice. The ED 50 values for these designed compounds were comparable to clinically used antiepileptic drugs. Moreover, some of the designed compounds in this study exhibited considerable anticonvulsant activities in both the MES and PTZ tests. These pharmacological activities were sufficient for them to develop as broad spectrum anticonvulsants. Therefore, it was concluded that, from (4) to (9) derivatives were recommended as novel structures of broad spectrum anticonvulsant. 
